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Experimental 

Crystal data 

Q21H21FO3S 
M, = 372.44 
Triclinic, PI 
a = 9.2014 (3) A 
b = 10.2563 (4) A 
c = 11.1105 (4) A 
a = 80.564 (2)° 
P = 66.317 (2)° 



Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
7mm = 0.640, r maI = 0.746 

Refinement 

R[F 2 > 2a(F 2 )] = 0.039 

wR(F 2 ) = 0.106 

S = 1.03 

3967 reflections 



Y = 71.825 (2)° 

V = 911.41 (6) A 3 
Z = 2 

Mo Ka radiation 
jU = 0.21 mm -1 
T = 173 K 

0.33 x 0.23 x 0.17 mm 



15715 measured reflections 
3967 independent reflections 
3395 reflections with / > 2cr(/) 
R in , = 0.034 



236 parameters 

H-atom parameters constrained 
Ap max = 0.24 e A~ 3 
Ap mi „ = -0.39 e A~ 3 



In the title compound, C21H21FO3S, the cyclohexyl ring adopts 
a chair conformation. The 4-fluorophenyl ring makes a 
dihedral angle of 77.71 (4)° with the mean plane of the 
benzofuran fragment. In the crystal, molecules are linked 
through intermolecular C— H- ■ O hydrogen bonds and 
aromatic 7r-7r interactions between the furan rings of 
neighbouring molecules [centroid-centroid distance = 
3.578 (2) A]. 

Related literature 

For the biological activity of benzofuran compounds, see: 
Aslam et al. (2006); Galal et al. (2009); Khan et al. (2005). For 
natural products with benzofuran rings, see: Akgul & Anil 
(2003); Soekamto et al. (2003). For our previous structural 
studies of related 3-(4-fluorophenylsulfonyl)-2-methyl-l- 
benzofuran derivatives, see: Choi et al. (2010a,fc). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C17-H17-03 1 


0.93 


2.59 


3.2970 (19) 


133 


C20-H20- ■ Ol" 


0.93 


2.60 


3.285 (2) 


131 


C21-H21-02 1 " 


0.93 


2.42 


3.3114 (19) 


160 


Symmetry codes: (i) — x, 


-y + 1, -X- 


h2; (ii) x + 


1, y, z; (iii) —x + 1, — y - 


rl,-Z + l. 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 1998); 
software used to prepare material for publication: SHELXL97. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: KP2311). 
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5-Cyclohexyl-3-(4-fluorophenylsulfonyl)-2-methyl-l-benzofuran 
H. D. Choi, P. J. Seo, B. W. Son and U. Lee 

Comment 

Many compounds involving a benzofuran ring have attracted much attention owing to their interesting pharmacological 
properties such as antifungal, antimicrobial, antitumor and antiviral activities (Aslam et al, 2006; Galal et al, 2009; Khan 
et al, 2005). These compounds occur in a wide range of natural products (Akgul & Anil, 2003; Soekamto et al., 2003). As 
a part of our ongoing program of the substituent effect on the solid state structures of 3-(4-fluorophenylsulfonyl)-2-methyl- 
1 -benzofuran analogues (Choie? al, 20 10a, b), we report herein on the crystal structure of the title compound. 

In the title molecule (Fig. 1), the benzofuran unit is essentially planar, with a mean deviation of 0.013 (1) A from the least- 
squares plane defined by the nine constituent atoms. The cyclohexyl ring is in the chair conformation. The 4-fluorophenyl 
ring makes a dihedral angle of 77.71 (4)° with the mean plane of the benzofuran ring. The crystal packing (Fig. 2, Table 1) 
is stabilised by intermolecular C — H-0 hydrogen bonds; the first one between a 4-fluorophenyl H atom and the oxygen 

of the 0=S=0 unit (Table 1; C17 — H17 - 03 1 ), the second one between a 4-fluorophenyl H atom and the furan O atom 

(Table 1; C20 — H20 - O1 1 ), the third one between a 4-fluorophenyl H atom and the oxygen of the 0=S=0 unit (Table 1; 

C21-H21- 02 111 ). The crystal packing (Fig. 3) is also stabilised by an aromatic ji-ji interaction between the furan rings of 

adjacent molecules, with a Cg-Cg'distance of 3.578 (2) A (Cg is the centroid of the C1/C2/C7/01/C8 furan ring). 

Experimental 

3-Chloroperoxybenzoic acid, 77% (426 mg, 1.9 mmol) was added in small portions to a stirred solution of 5-cyclohexyl-3- 
(4-fluorophenylsulfanyl)-2-methyl-l -benzofuran (306 mg, 0.9 mmol) in dichloromethane (40 mL) at 273 K. After being 
stirred at room temperature for 6 h, the mixture was washed with saturated sodium bicarbonate solution and the organic 
layer was separated, dried over magnesium sulfate, filtered and concentrated at reduced pressure. The residue was purified 
by column chromatography (hexane-ethyl acetate, 4:1 v/v) to afford the title compound as a colourless solid [yield 73%, 
m.p. 426-427 K; Rf = 0.68 (hexane-ethyl acetate, 2:1 v/v)]. Single crystals suitable for X-ray diffraction were prepared by 
slow evaporation of a solution of the title compound in benzene at room temperature. 

Refinement 

All H atoms were positioned geometrically and refined using a riding model, with C-H = 0.93 A for aryl, 0.98 A for methine, 
0.97 A for methylene and 0.96 A for methyl H atoms, respectively. (7i S0 (H) =1.2{7 e q(C) for aryl, methine and methylene, 
and 1.5(7 e q(C) for methyl H atoms. 
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Fig. 1. The molecular structure of the title compound with the atom numbering scheme. Dis- 
placement ellipsoids are drawn at the 50% probability level. H atoms are presented as a small 
spheres of arbitrary radius. 



Fig. 2. A view of the C-H - O hydrogen bonds (dotted lines) in the crystal structure of the title 
compound. [Symmetry codes: (i) -x, - y + 1, -z + 1; (ii)x+ l,y, z; (hi) -x+ 1, -y + 1, -z + 1; 
(iv)x- l,y,z.] 



Fig. 3. A view of the n-n interactions (dotted lines) in the crystal structure of the title com- 
pound. [Symmetry code: (i) -x, - y + 1, - z+ 1.] 



5-Cyclohexyl-3-(4-fluorophenylsulfonyl)-2-methyl-1-benzofuran 



Crystal data 




C 21 H 21 F0 3 S 


Z = 2 


M,-= 372.44 


F(000) = 392 


Triclinic, PI 


Z> x = 1.357 MgnT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 9.2014 (3) A 


Cell parameters from 6718 reflections 


Z> = 10.2563 (4) A 


6 = 2.5-27.5° 


c = 11.1105 (4) A 


|i = 0.21 mrrT 1 


a = 80.564 (2)° 


T= 173 K 


(3 = 66.317(2)° 


Block, colourless 


y = 71.825 (2)° 


0.33 x 0.23 x 0.17 mm 


F= 911.41 (6) A 3 





Data collection 



Bruker SMART APEXII CCD 
diffractometer 

Radiation source: rotating anode 
graphite multilayer 

Detector resolution: 10.0 pixels mm" 1 
(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 

T min = 0.640, T max = 0.746 



3967 independent reflections 

3395 reflections with / > 2a(I) 
R int = 0.034 

6max = 27.0°, 9 m j n = 2.0° 
= 1 1 >1 1 

£ = -12^13 

/ = -14-^14 
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15715 measured reflections 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.039 
wR(F 2 ) = 0.106 

S= 1.03 

3967 reflections 
236 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: difference Fourier map 
H-atom parameters constrained 

0.3006P] 



w = l/[o 2 (F 0 2 ) + (0.05 1 3P) 2 



where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 
Ap ma x = 0.24eA" 3 
Ap mi „ = -0.39eA" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *ITJ 
^iso ' ^eq 


SI 


0.17745 (5) 


0.50397 (4) 


0.70139 (3) 


0.03247 (12) 


Fl 


0.60299 (14) 


0.09412 (12) 


0.93389 (12) 


0.0614(3) 


Ol 


-0.07799 (13) 


0.32075 (11) 


0.61095 (11) 


0.0385 (3) 


02 


0.28066 (15) 


0.57220 (12) 


0.59295 (11) 


0.0417(3) 


03 


0.04350 (14) 


0.58296 (11) 


0.80566 (11) 


0.0418(3) 


CI 


0.09922 (18) 


0.40980 (15) 


0.63832 (14) 


0.0309 (3) 


C2 


0.19131 (19) 


0.32218 (15) 


0.52695 (14) 


0.0313 (3) 


C3 


0.35461 (19) 


0.28136 (15) 


0.44039 (14) 


0.0330 (3) 


H3 


0.4340 


0.3158 


0.4458 


0.040* 


C4 


0.3973 (2) 


0.18808 (16) 


0.34550 (14) 


0.0358 (3) 


C5 


0.2739 (2) 


0.14063 (17) 


0.33786 (16) 


0.0414 (4) 


H5 


0.3033 


0.0796 


0.2734 


0.050* 


C6 


0.1113 (2) 


0.18053 (18) 


0.42166 (17) 


0.0425 (4) 


H6 


0.0307 


0.1485 


0.4152 


0.051* 


C7 


0.0751 (2) 


0.27039 (16) 


0.51537 (15) 


0.0351 (3) 


C8 


-0.06007 (19) 


0.40433 (15) 


0.68512 (15) 


0.0345 (3) 


C9 


-0.2136(2) 


0.46764 (19) 


0.79404 (17) 


0.0441 (4) 


H9A 


-0.1905 


0.5242 


0.8411 


0.066* 



sup-3 



supplementary materials 





—{j.Iddq 


A 1 Ci/Z O 




U.Uoo* 


hiyc 


— u.zy4i 


a coon 


A *7CO O 
U. / JOO 


U.Uoo* 


i a 

C1U 


U.j /4Z yl) 


U.lio4y {Lo) 


u.zjzy4 j) 


A AIOO //lA 

U.UJoo (4 j 


hllU 


A C7C1 

U.J /DZ 


A A*70*7 

O.U /o / 


A 1 AA C 


A A/IT* 
U.U4 /* 


i i 
CI 1 


A C A "7*7 /">\ 

U.o4 / / yl) 


U.ZjZ /U (lo) 


A 1 "71 AO /1 C\ 

U.l /3Uo (1 Jj 


A A1*7A //lA 

U.U3 /y (4) 


I I 1 1 A 

I I 1 1 A 


U. jqZd 


A 1A/1/1 

U.3U44 


n 1 11 1 
U. 1ZZ 1 


A A/l/^* 

U.U40 


hll IB 


U.o4zo 


A 1 1 /I £ 


a m*7 
U.ZiZ / 


A A/1/:* 


Clz 


U.ozol yl) 


A 1 AOCC /1 *7\ 

U.lyoDD (1 I) 


A AOACC C\ /Z\ 


A A/1 1 A (A \ 

U.U41U (4) 


un a 


a one 


A 1 A£.H 

U. 14o / 


A A 1 1 C 


u.u4y 


I I 1 "> T") 


A 0*7A*7 

U.o/U / 


A T7C /I 
U.Z /M 


a nn 1 
U.U3 / I 


A A/1 A* 

u.u4y^ 


^1 i 


U.ViZU (Z) 


A 1 A*7CA f\ Q\ 
U.IU/JV (15) 


a 1 el n n o\ 
U.Oil / ylQ) 


A f\A/Z7 ( A\ 

U.U4o / (4) 


un a 


A A/1A0 


A 1 CS)A 

U. loZ4 


A 1 1 TA 

U.Z1ZU 


A A^£* 


TJ1 ID 


1 A/i in 
1.U42U 


A A/^AI 


A AAA1 

u.uyui 


a nc£* 


C14 


U.&oUz (2) 


A AAOIC /1 n\ 

-U.UUozd (ly) 


A TITAA ^1 A\ 

u.zizuu (iy) 


A ACOI 

U.lDoi (0) 


TT1 /I A 

rl IhA 


u.yzoo 


U.UoUo 


U.Zolo 


A A7A* 

u.u /u 


TJ1/ID 


A 0/^11 


a A/^ni 

- u.uoy3 


A 1 *70/1 

U. 1 /Z4 


A A7A* 

u.u /u 


ClD 


U.ooZ / (3) 


A A/1 £A 

u.u4oy (z) 


A 1 11 /1 0\ 

U.izoll (lo) 


A AC*70 ( C\ 

U.UD /5 (0) 


UK A 

rll j A 


A £0 1 A 

U.oolU 


A 1 AA£ 

U. lUUo 


A 1Q1 1 

u. jyi 1 


A A^Q* 

u.uoy^ 


i 1 1 co 


A £.1 O C 


A AOAC 

—v.viyj 


a 1 Tin 
O.J /zU 


a A^n* 

u.uoy^ 


Clo 


A 1A/^ \ A (\ Ci\ 

u.3uoi4 (lyj 


A 1 OA 10 /I C\ 

U.3oUlo (1 D) 
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u.y4yu 


A A/1£* 
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C 1 Q 
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A A/1 C 1 ( A\ 
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H18 


0.2956 


0.2023 


1.0423 


0.054* 


C19 


0.5031 (2) 


0.18935 (18) 


0.88040 (18) 


0.0418(4) 


C20 


0.5731 (2) 


0.23555 (18) 


0.75333 (18) 


0.0425 (4) 


H20 


0.6853 


0.2018 


0.7054 


0.051* 


C21 


0.47341 (19) 


0.33341 (17) 


0.69787 (16) 


0.0380 (4) 


H21 


0.5179 


0.3676 


0.6121 


0.046* 



Atomic displacement parameters (A ) 





rj 11 


U 22 


C/ 33 


U 12 


rj 13 


U 23 


SI 


0.0357 (2) 


0.0309 (2) 


0.0242 (2) 


-0.00993 (15) 


-0.00282 (15) 


-0.00406 (1 


Fl 


0.0580 (7) 


0.0651 (7) 


0.0675 (8) 


-0.0096 (6) 


-0.0381 (6) 


0.0045 (6) 


Ol 


0.0357 (6) 


0.0430 (6) 


0.0352 (6) 


-0.0116(5) 


-0.0113 (5) 


-0.0005 (5) 


02 


0.0492 (7) 


0.0392 (6) 


0.0311 (6) 


-0.0191 (5) 


-0.0055 (5) 


0.0024 (5) 


03 


0.0423 (7) 


0.0381 (6) 


0.0338 (6) 


-0.0055 (5) 


-0.0030 (5) 


-0.0123 (5) 


CI 


0.0320 (7) 


0.0300 (7) 


0.0244 (7) 


-0.0058 (6) 


-0.0061 (6) 


-0.0017(6) 


C2 


0.0383 (8) 


0.0287 (7) 


0.0234 (7) 


-0.0077 (6) 


-0.0100(6) 


0.0011 (6) 


C3 


0.0385 (8) 


0.0319(7) 


0.0246 (7) 


-0.0094 (6) 


-0.0076 (6) 


-0.0024 (6) 


C4 


0.0465 (9) 


0.0311 (7) 


0.0239 (7) 


-0.0096 (7) 


-0.0082 (6) 


-0.0008 (6) 


C5 


0.0599 (11) 


0.0370 (8) 


0.0280 (8) 


-0.0156(8) 


-0.0140 (7) 


-0.0041 (7) 


C6 


0.0528 (10) 


0.0434 (9) 


0.0378 (9) 


-0.0184 (8) 


-0.0193 (8) 


-0.0024 (7) 


C7 


0.0389 (8) 


0.0353 (8) 


0.0293 (8) 


-0.0097 (6) 


-0.0125 (6) 


0.0020 (6) 


C8 


0.0371 (8) 


0.0316(7) 


0.0293 (8) 


-0.0065 (6) 


-0.0103 (6) 


0.0018(6) 


C9 


0.0323 (8) 


0.0485 (10) 


0.0398 (9) 


-0.0063 (7) 


-0.0046 (7) 


-0.0040 (7) 


C10 


0.0493 (9) 


0.0333 (8) 


0.0253 (7) 


-0.0097 (7) 


-0.0042 (7) 


-0.0074 (6) 
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0.0496 (10) 
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Geometric parameters (A, °) 








SI— 03 


1.4336 (11) 


C10— H10 


0.9800 


SI— 02 


1.4360 (11) 


Cll— C12 


1.524 (2) 


SI— CI 


1.7329 (16) 


Cll— H11A 


0.9700 


SI— C16 


1.7599 (16) 


Cll— HUB 


0.9700 


Fl— C19 


1.3567 (19) 


C12— C13 


1.512 (2) 


Ol— C8 


1.3675 (19) 


C12— H12A 


0.9700 


Ol— C7 


1.3793 (19) 


C12— H12B 


0.9700 


CI— C8 


1.361 (2) 


C13— C14 


1.516 (3) 


CI— C2 


1.451 (2) 


CI 3— H13A 


0.9700 


C2— C7 


1.389 (2) 


C13— H13B 


0.9700 


C2— C3 


1.392 (2) 


C14— C15 


1.525 (2) 


C3— C4 


1.395 (2) 


C14 — H14A 


0.9700 


C3— H3 


0.9300 


C14— H14B 


0.9700 


C4— C5 


1.403 (2) 


C15— H15A 


0.9700 


C4— C10 


1.511 (2) 


C15— H15B 


0.9700 


C5— C6 


1.378 (2) 


CI 6— C21 


1.387 (2) 


C5— H5 


0.9300 


C16— C17 


1.390 (2) 


C6— C7 


1.374 (2) 


C17— C18 


1.376 (2) 


C6— H6 


0.9300 


C17— H17 


0.9300 


C8— C9 


1.481 (2) 


C18— C19 


1.373 (2) 


C9— H9A 


0.9600 


C18— H18 


0.9300 


C9— H9B 


0.9600 


CI 9— C20 


1.369 (2) 


C9— H9C 


0.9600 


C20— C21 


1.381 (2) 


C10— C15 


1.529 (3) 


C20— H20 


0.9300 


C10— Cll 


1.530 (2) 


C21— H21 


0.9300 


03— SI— 02 


119.61 (7) 


C12— Cll— HUB 


109.2 


03— SI— CI 


108.35 (7) 


C10— Cll— HUB 


109.2 


02— SI— CI 


107.95 (7) 


H11A— Cll— HUB 


107.9 


03— SI— CI 6 


107.80 (7) 


C13— C12— Cll 


111.76 (13) 


02— SI— CI 6 


107.38 (7) 


C13— C12— H12A 


109.3 


CI— SI— C16 


104.78 (7) 


Cll— C12— H12A 


109.3 


C8— Ol— C7 


107.23 (12) 


C13— C12— H12B 


109.3 


C8— CI— C2 


107.66 (14) 


Cll— C12— H12B 


109.3 


C8— CI— SI 


125.98 (12) 


H12A— CI 2— H12B 


107.9 


C2— CI— SI 


126.35 (12) 


C12— C13— C14 


111.51 (16) 



sup-5 



supplementary materials 



pi m pi 
C/ — Cz — C3 


iin 1 h /1 a\ 
1 iy. 1 / (14) 


P11 PI1 ni 1 A 

C 1 Z — C 1 3 — Jrl 1 3 A 


1 nn i 

ioy.3 


pi P1 pi 
C / — Cz — C 1 


1 n/i /in pii\ 
lU4.4y (13) 


pi/l pn nil A 

C 1 4 — C 1 3 — Jrl 1 3 A 


1 nn i 

ioy.3 


pi pi pi 
C3 — Cz — C 1 


n/; 11 / 1 c\ 

130.33 (1j) 


P11 P 1 1 1 I 1 1 D 

C 1 Z — C 1 3 — Jrl 1 3 r> 


1 nn i 

ioy.3 


n ri /-iyi 
Cz — C3 — C4 


1 1 o nn p c\ 
llo.yy (1 J) 


P 1 /l P 1 1 U11D 

C 1 4 — C 1 3 — Jrl 1 3 r> 


1 nn i 

ioy.3 


n pi ttq 
Cz — C3 — hi 3 


1 in c 
1ZU.J 


TT 1 1 A P11 III in 

Jrl 1 3A — C 1 3 — Jrl 1 3r> 


1 no n 
lOo.O 


P/1 pi TTQ 

C4 — C3 — H3 


1 in c 


pii pi/i pi c 
C 1 3 — C 1 4 — C 1 j 


111 11 Pi c\ 

1 11. zl (1 j) 


pi p A PC 

C3 — C4 — CD 


liy.14 (1 j) 


pii pi/l TT1/1A 

C13 — C14 — Jrll4A 


1 nn a 

ioy.4 


pi p /i pin 
C 3 — C4 — C 1 U 


1 in o c Pi c\ 
IZO.OJ (1j) 


PI f PI/1 TJ1/1A 

Cl J — C14 — Jrll4A 


1 nn a 

ioy.4 


pc p a pin 
C j — C4 — C 1 0 


1 in nn p. a \ 
120.00 (14) 


PII pi/l I I l | 13 

C13 — C14 — Jrll4r> 


1 nn a 

ioy.4 


P£ PC P/1 

Co — CD — C4 


111 nn ( 1 c\ 
IZZ.yU (lJ) 


P1C PI /I I I 1 ,| I) 

Cl J — C14 — Jrll4r> 


1 nn a 

ioy.4 


P£ p c IK 

Co — Cj — tlD 


1 1 o c 
llO.J 


Ul /I A PI /I I I 1 1 1) 

Jrl 1 4A — C 1 4 — Jrl 1 4r> 


1 no n 
lOo.O 


P/1 PC lie 

C4 — Cj — rlj 


1 1 o c 
1 1 0. J 


pi /i pic pin 
C 1 4 — C 1 j — C 1 0 


111 A A Pi A\ 

1 1 1.44 (14) 


P*7 p /: pc 

C / — Co — Cj 


1 1 ^ n*7 Pi £\ 
llo.O / (lo) 


PI /| P1C UK A 

C 1 4 — C 1 J — Jrl 1 j A 


1 nn i 

ioy.3 


P*7 P/i i_j /: 

C / — Co — Jlo 


1 ii n 

lzz.0 


Pin P1C UK A 

C 1 0 — C 1 J — Jrl 1 j A 


1 nn i 

ioy.3 


PC P/C IT/" 

Cj — Co — hlo 


1 ii n 

lzz.0 


P 1 A P1C Ul CD 

C 1 4 — C 1 J — Jrl 1 j r> 


1 nn i 

ioy.3 


P£ P*7 P. 1 

Co — C / — U 1 


1 1 C Ol Pi c\ 

1zj.o3 (lJ) 


pin pic ui cd 
C 1 0 — C 1 J — Jrl 1 j r> 


1 nn i 

ioy.3 


/ • /" p-7 p-> 

Co — C / — Cz 


111 "7 1 Pi C\ 

1Z3./1 (1j) 


Ul C A P1C U1 CD 

Jrl 1 jA — C 1 J — Jrl 1 jd 


1 no n 
lOo.O 


Pi1 p-7 pi 

Ul — C/ — Cz 


110. 4o (13) 


P1 1 PU P 1 1 

Czl — Clo — Cl / 


111 nn Pi c\ 
121.00 (1 J) 


p 1 po ni 
CI — Co — Ul 


i m 1/: p,q\ 
110. lo (13) 


P1 1 PU C 1 

Czl — Clo — M 


1 1 n ni p. i\ 
ny. Ii (Iz) 


PI po pn 

Cl — Co — Cv 


lie 11 p,c\ 

13D.13 (1j) 


P11 PU ci 

Cl / — Clo — M 


1 1 n i/^ Pi i\ 

1 iy.zo (12) 


p, i po pn 
Ul — Co — CV 


11 a in f \ a\ 
114. /U (14) 


P1Q P11 PU 

C 1 o — C 1 / — C 1 o 


1 1 n c c Pi c\ 
liy.JJ (1J) 


po pn i m a 

Co — cy — hiyA 


1 nn c 


P1Q PII u 1 1 

Clo — Cl / — Jrl 1 / 


1 in i 

IzO.z 


po pQ TTQP 

Co — c y — rl y r> 


1 no c 

iuy.j 


p 1 £ p 1 -7 Ul -7 

ClO — Cl / — Jrl 1 / 


i in i 
1Z0.Z 


1 1 n * pn ufiD 

hiyA — cy — hiyB 


1 nn c 

iuy.j 


Pin pi o pii 

ciy — cio — ci / 


1 1 O 1*7 Pi C\ 
1 lo.Z / (1 j) 


po pn 1 1 n p 

Co — cy — riyc 


1 nn c 

iuy.j 


pin pic 1 1 1 o 
Ciy — Clo — Hlo 


1 in n 

izo.y 


Tin a pn imp 

H9A — C9 — HyC 


1 nn c 
109.5 


P1*7 PIO TT10 

C 1 7 — C 1 o — H 1 o 


1 in n 
120.9 


TTflD pn UflP 

hiy£> — cy — riyc 


1 nn c 

iuy.j 


it 1 p 1 n pin 

h i — c i y — CzO 


111 lO Pi £.\ 

1 1 /. /o (lo) 


P/i pin p 1 c 
C4 — C 1 U — C 1 J 


111 C1Pi1\ 

111 .jZ (13) 


t? i pin pi o 

h i — ciy — cio 


1 1 O Ol Pi £.\ 

llo.o3 (lo) 


P/i pin p 1 1 
C4 — CIO — Cll 


iii ni pi i\ 
llz. /3 (13) 


pin pin pi o 

czo — c i y — C 1 0 


1 n i n Pi /z \ 
123.3y (lo) 


pic pin P11 
Cl J — CIO — Cll 


1 1 n 1 i p. c\ 
11U.1 / (1 j) 


p 1 n pin P1 1 
c i y — CzO — Cz 1 


110 /in p.c\ 
llo.4y (1 j) 


ca p i o mo 

v>+ — V 1 u — 1 1 1 u 


1 07 4 


pig pin H?fl 


1 Z.U.O 


C15 — CIO — H10 


107.4 


C21 — C20 — H20 


120.8 


Cll — CIO — H10 


107.4 


C20 — C21 — C16 


119.29 (15) 


C12 — Cll — CIO 


111.90 (13) 


C20 — C21 — H21 


120.4 


C12 — Cll — H11A 


109.2 


C16 — C21 — H21 


120.4 


CIO — Cll — H11A 


109.2 






p.1 c 1 p 1 pq 
Vi — M — Cl — Co 


a m Pi £\ 
-4.0Z (lo) 


f^n r^Q /~*ct 
C / — U 1 — Co — CV 


1 in ic Pi i\ 
— 1 /y. / J (13) 


p.^ c 1 p 1 po 
U2 — M — Cl — Co 


ii/i m p. /i\ 
-134. yz (14) 


C 5 — C4 — C 1 0 — C 1 5 


/'i ii / 1 n\ 

o /.i / (iy) 


p 1 £. ci p 1 po 
C16 — M — Cl — Co 


i i n oi c\ a\ 
110.0 / (14) 


C5 — C4 — C 1 0 — C 1 5 


111 m Pi o\ 
— lll.yz (lo) 


p.1 c 1 p 1 pt 
\)5 — M — Cl — C2 


1 1£ 1 C Pi 1\ 

1 /o.3j (Iz) 


Cj — C4 — C 1 0 — C 1 1 


ci ii Pi n\ 

J /.3 / (iy) 


p.1 c 1 p 1 p^ 
U2 — b 1 — C 1 — C2 


/l C /I C Pi c\ 

4j.4j (1j) 


C5 — C4 — C 1 0 — C 1 1 


1 11 C/l Pi /i\ 

123.M (lo) 


pi c ci pi po 
Clo — M — Cl — C2 


/TO -7-7 /I /l\ 

—oo. / / (14) 


f^A nn pi i pit 
C4 — C1U — Cll — C12 


1 1Q Q1 (\ A\ 

i /y.yz (14) 


po p 1 p^ p~7 
Co — C 1 — C2 — C / 


n /i n Pi £\ 
0.40 (lo) 


pk nn n i pit 
C15 — C1U — Cll — C12 


C /l £ /I Pi o\ 

j4.o4 (lo) 


C1 pi p^> p-7 

a 1 — C 1 — C2 — C7 


-179.91 (11) 


pin P11 p] n p i i 

CIO — Cll — C12 — C13 


r a AO p, n\ 

-54.48 (19) 


C8— Cl— C2— C3 


-178.10(16) 


Cll— C12— C13— C14 


54.41 (19) 


SI— Cl— C2— C3 


1.6(3) 


C12— C13— C14— C15 


-55.3 (2) 


C7— C2— C3— C4 


-0.8 (2) 


C13— C14— C15— CIO 


56.3 (2) 


Cl— C2— C3— C4 


177.49 (15) 


C4— CIO— C15— C14 


178.45 (16) 


C2— C3— C4— C5 


1.5 (2) 


Cll— CIO— C15— C14 


-55.6 (2) 



sup-6 



supplementary materials 



pi pi r^A pin 
Cz — C3 — C4 — C 1 0 


1 "7"7 CC P 1 \ 

-1 / /J3 (13) 


U3— 


pi pm pT] 

-SI — CI 6 — Czl 




— IDU.oo (13) 


pi a pc f^c 
C3 — C4 — C5 — Co 


-1.0 (2) 


PT 

Uz— 


c 1 ru pi 1 
-SI — CI 6 — Czl 




— 2U. /4 (ID) 


pin p/i pc p/: 
C 1 0 — C4 — C5 — Co 


1 *70 11 /1 f\ 

1 /o.l 1 (Id) 


p 1 
CI — 


ci ru pn 
-SI — C16 — Czl 




m oo /1 t\ 
Vi.oo (13) 


p/i p^ p*; f ' i 
C4 — C5 — Co — C / 


-0.3 (2) 


P.! 

U3— 


c 1 n ^ pi n 
-51 — Clo — CI / 




zo.4y (ID) 


pc p/: p~7 pi 
C5 — Co — C / — U 1 


-1 /o.zD (14) 


PT 

Uz— 


c 1 pi c pn 
-SI — C16 — CI / 




1 co ( 1 i\ 
ID&.oU (13) 


PC P£ f^H po 

CD — Co — C / — Cz 


1.0 (2) 


p 1 
CI — 


ci pk pn 
-M — Clo — CI / 




or no (\ a\ 
—60. /O (14) 


po P.1 p-7 p/r 

Co — U 1 — C / — Co 


1 /o.&4 (ID) 


pn 1 

Czl- 


P1/: p 1 "7 p 1 o 

— C 1 o — C 1 / — C 1 o 




-0.4 (2) 


po r\\ r^n p^> 

Co — U 1 — C / — Cz 


— U.D3 (lO) 


C 1 

bl — 


pi /: pi 7 p 1 o 

-Clo — CI / — CIS 




1 "7G "7£ (\ 1\ 

~l ly. lb (13) 


pi n p~7 p/; 
Co — Cz — C / — Co 


-0.5 (2) 


P1£ 

C16- 


pn pio pm 

— ci / — cio — ciy 




-0.5 (3) 


pi n p~7 p/; 
C 1 — Cz — C / — Co 


-1 /y.30 (15) 


P 1 "7 

CI /- 


pin pm 171 

— C 1 o — C 1 y — r 1 




1 *7fl OO / 1 C\ 

—1 /V.oo (Id) 


PI n P"7 ni 

C3 — Cz — C / — U 1 


1 "70 nn p T\ 
1 /S.VO (12) 


PIT 

CI /- 


p 1 o pin pm 
— C 1 o — C 1 V — CzO 




0.8 (3) 


CI— C2— C7— Ol 


0.08(16) 


Fl— 


-C19— C20— C21 




-179.41 (14) 


C2— CI— C8— Ol 


-0.74 (17) 


C18- 


-C19— C20— C21 




0.0 (3) 


SI— CI— C8— Ol 


179.56 (10) 


C19- 


-C20— C21— C16 




-0.9 (2) 


C2— CI— C8— C9 


179.96(16) 


C17- 


-C16— C21— C20 




1.1 (2) 


SI— CI— C8— C9 


0.3 (3) 


Sl— 


-C16— C21— C20 




-179.53 (12) 


P7 p,i n 

^/ — ui — \^<S tl 


n 7Q ( i /:\ 
U. / V (10) 










Hydrogen-bond geometry (A, ) 












D—H-A 


Z>— H 




H-A 


D-A 


D — H 


cn—an-ov 


0.93 




2.59 


3.2970 (19) 


133 


C20— H20-O1" 


0.93 




2.60 


3.285 (2) 


131 


C21— H21-02"' 


0.93 




2.42 


3.3114(19) 


160 


Symmetry codes: (i) -x, -y+l, -z+2; (ii) x+l,y, z; (iii) -x+1, -y+\, 


-z+1. 
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